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ABSTRACT
BACKGROUND: The success of root canal treatment depends on
cleaning and shaping, followed by three -dimensional obturation of
the root canal system to prevent reinfectiion. Tubular penetration
and adaptation of sealer can determine the sealabil ity of root f illing
which in turn are determined by many factors like smear layer
removal,  dentinal  permeability,  root canal dimension, and the
physical and chemical properties of the sealer. Smear layer removal
forms an important determining factor in sealer penetratb ility.
Traditionally,  it  is done with  5.25% NaOCl irrigation followed by
17 % EDTA. Since EDTA is not biodegradable and i ts possible
damage to periapical tissues on extrusion search for alternative
chelating agent is  going on. Phytic acid, known as inositol
hexakisphosphate(IP6), is a naturally occurring agent, has ability to
chelate with positively charged multivalent cations while having
minimal effect  on pulpal cells we evaluated 1% phytic acid for its
chelating ability.
AIM: The aim of the present in-vitro study was to evaluate and
compare the penetration of  AH Plus sealer into dentinal tubules by
using scanning electron microscope following treatment with two
different chelating agent i.e 17% EDTA and 1% phytic acid.
MATERIALS AND METHODS: Sixty  freshly extracted human
mandibular first premolars with single straight root canals  were
used in the study. These were randomly divided into three equal
groups of 20 samples each. The crowns of all teeth were cut at
Cemento-enamel junction using high speed tapering diamond under
air  water  spray with remaining root length 12±1mm. The working
length were established by placing a size 10 K file into each sample
until the tip of the file was visible at  the apex. Canal length was
established 1 mm short of the apex. The root canals were prepared
using the ProTaper rotary system to an apical size of F3, and apical
patency was rechecked using size -10 K- ﬁle throughout the
preparation. During the entire preparation, alternate irrigation and
recapitulation was done with 5.25% sodium hypochlorite (NaOCl)
(Avarice Laboratory, Ghaziabad, India) and #10 K-file,
respectively.
Samples were divided into 3 groups(A,B,C)   with20 samples each.
1. Group A (EDTA): samples(n=20)  were irrigated with 10ml of
17% EDTA for 1min.
2. Group B (1% Phytic acid): samples(n=20) were irrrigated
with 10ml of 1%phytic acid for 1min.
3. Group C (distilled water): samples(n=20) were irrigated with
10ml distilled water for 1min.
After irrigation with different irrigating agents  all root
canals were obturated with  help of F3 Size GP and AH-Plus sealer .
Samples were then sectioned in the bucco-lingual direction with the
help of sorensen disc Smear layer produced during sectioning were
removed by cleansing with 17% EDTA and 3% Naocl. Samples were
studied for dentinal  tubule penetration at  all the three levels -
coronal, middle and apical levels. The penetration of sealer into the
dentinal tubules were assessed by using scanning electron
microscopic(SEM) examination.
RESULTS: It was found that highest sealer penetration depth was
found in group A (EDTA) followed by group B least with group C.
Though the penetration in group B was lower than group A it had
significant levels of penetration indicating a potential chelating
effect. In all three groups coronal region had highest levels of
penetration followed by middle region and least in apical  regions.
CONCLUSIONS: Within the limitations of the study it can be
concluded that EDTA group had highest  sealer penetration. Phytic
acid group had intermediate effect indicating potential chelating
abili ty. Further studies are essential to confirm required
concentration, pH, exposure time for i ts  optimal  chelating effect
for using it  as an alternative chelating agent.
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INTRODUCTION
The success of root canal treatment depends on cleaning and
shaping, followed by three-dimensional obturation of the root canal
system. The mechanical instrumentation of the root canal produces the
amorphous irregular smear layer (SL) containing inorganic debris,
organic materials like pulp tissue, odontoblastic processes, necrotic
debris, microorganisms and their metabolic byproducts. 1 McComb and
Smith were the first investigators who showed the presence of a SL in
instrumented root canals. 2 Despite the controversies regarding removal
of the SL, most clinicians have concluded that its presence contributes
to leakage and compromises the seal of the root canal filling. 3 ,4 It can
also serve as a source of nutrients for microorganisms 5 ,6 .  In a
systematic review Shahravan by et al7 , it  was concluded that SL
removal improves the fluid -tight seal of the root canal system, as
suggested by most authors.
Chelating agents are used in endodontics to soften the dentin,
facili tat ing access to the entire root canal lengt h and to remove the
smear layer formed during root canal instrumentation. In 1893,
Callahan suggested the use of sulphuric acid (25 -50%) to gain access to
narrow calcified root canals. 8 Other acids such as hydrochloric and
nitric acids have also been tried . Demineralisation of hard t issues by
organic chelating agents at natural pH was reported in 1953 by
Nikiforuk and Sreebny9 who noted that calcium chelated above a pH of
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6 and the upper limit of chelation was at pH 7.5.The origin of these
agents dates back to 1951,when the first  report on the demineralising
effect of EDTA on dental hard tissue was published. 1 0 Chelators were
first introduced into endodontics by Nygaard –Ostby1 1 in 1957,who
recommended the use of a 15% EDTA solution (pH7.3) with the
following composition:
 Disodium salt of EDTA(17 g)
 Aqua dust(100 ml)
 5M sodium hydroxide(9.25 ml)
To increase the cleaning and bactericidal  activity of EDTA
solution, a detergent was added. This new composition was known as
EDTAC by VonderFehr and Nygaard-Ostby in 1963.1 2 EDTAC is
produced when EDTA is mixed with 0.84g of a quarternary ammonium
compound. This new composition had properties like reducing surface
tension of the irrigant, helps in wetting of the entire root canal wall
and hence increases the abili ty of chelators to penetrate the dentine.
Initially,  chelators were used as l iquid for irrigation during mechanical
instrumentation of root canal system. In 1969, Stewart et al1 3 presented
RC-Prep (premier Dental, Plymouth Meeting, PA, USA)probably the
best known paste type chelating agent .In 1978,Kaufman et al 1 4
presented Salvizol (Ravensburg, Konstanz, Germany) containing 5%
aminoquinaldinumdiacetate in propylene glycol with a pH of 6.6.
Scelza et al1 5 in 2000 introduced EDTA-T ,consisting of 17% EDTA
and sodium laurylether sulphate (Tergentol).
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Different methods, irrigating solutions and chelators have been
used to remove the smear layer. Currently,  the subsequent use of 17%
ethylenediaminetetraacetic acid (EDTA) and sodium hypochlor ite
(NaOCl) is the recommended regiment and gold standard for removal
of the inorganic and organic components of the smear layer,
respectively.
EDTA has been the most commonly used irrigant for this purpose
since 19571 1 in a concentration of 17% and an application time of 1–5
minutes.1 6 It is most commonly synthesized on an industrial scale from
ethylenediamine, formaldehyde and sodium cyanide. This method
results in the formation of impurities that  are detrimental  to mo st
applications of this chelating agent. 1 7 This synthetic persistent material
is being overused and is considered one of the major organic pollutants
discharged in water.1 8 Because EDTA is not readily biodegradable,
there have been some concerns about the leakage of this irrigant into
the periapical tissue. Because of these concerns, the extrusion of EDTA
beyond the root canal should be avoided. 1 9 ,2 0 Considering these facts,
an alternative agent for smear layer removal is warranted, and the
search for more biocompatible material to replace EDTA is still  going
on.
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Phytic acid
Phytic acid, known as inositol hexakisphosphate (IP6), is  the
major storage form of phosphorus in plant seeds. 2 1 Phytic acid is
reported to inhibit  the intestinal  absorption of some minerals such as
calcium (Ca2+),  zinc, iron, and magnesium. 2 2 As a result of its strong
negative charge , it  has the abili ty to chelate with positively charged
multivalent cations,  forming complexes that are soluble under acidic
conditions but precipitate at neutral pH. 2 3 Recently,  phytate (a salt of
IP6) has been shown to have a protective role in preventing
osteoporosis through decreasing the solubility of calcium salts. 2 4 This
natural reagent has been reported to have a cross -linking effect on
protein nanofibers that are used for cardiac tissue engineering. 2 5
Literature on the use of IP6 in dentistry is scarce; however, IP6 has
been postulated to have anticariogenic or cariostatic effects thro ugh the
reduction of enamel solubility2 6 or through its high affinity to
hydroxyapatite, thus reducing the adsorption of bacteria to tooth
surfaces (antiplaque effect). 2 7 Based on the abil ity of this naturally
occurring agent to chelate Ca2+, form complexe s with minerals, and/or
cross-link collagen,2 8 it  can be used as an alternative with minimal
effect on pulpal cells. Hence, the aim of this study is to determine the
efficacy of the phytic acid as an alternative chelating agent which
helps in sealer penetration into root dentin.
The main objective of a root canal fil ling is to seal the root canal
system to prevent reinfection. 2 9 Normally,  a root canal filling is
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associated with a hard core, like gutta -percha, and a sealer to better
adapt the root canal fi lling material and complete the seal of the root
canal fill ing in the most effectual manner. 3 0 Therefore, the sealer root
canal wall interface is crucial for the sealing of the root canal system.
The sealer can fil l  the irregularit ies of the root canal wall and the
dentinal tubules, which cannot be filled by gutta -percha. Increase in
contact surface between the filling material and dentin, leads to better
sealing ability and hence, better sealer penetration into tubules. 3 1
Sealers also have antimicrobial  effect in tubules which increases with
better penetrability. 2 9 ,3 2
AH Plus sealer
Among the root canal sealers used, AH Plus has shown to have
better adaptation to the root canal wall,  tubular penetration, and
adaptation to the peritubular dentine directly. The findings for AH Plus
are supported by other studies. 3 3 ,3 4 AH Plus consists of a paste-paste
system, which is delivered in two tubes and in a new double barrel
syringe. The epoxide paste consists of radio opaque fillers, Aerosil and
diepoxide. The amine paste consists of three different types of amines,
radio opaque fillers and Aerosil. AH Plus is characterised by very good
mechanical properties, 3 5 high radio opacity,  little polymerisation
shrinkage, low solubility, and, not least ,  a high degree of stabili ty on
storage.
Aim and Objectives
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AIM AND OBJECTIVES
The aim of the present in-vitro study was to evaluate and
compare the penetration of  AH Plus sealer into dentinal tubules by
using scanning electron microscope following treatment with two
different chelating agents.
OBJECTIVES
The objective of present in -vitro study was to evaluate and
compare the penetrability of AH plus sealer into the dentinal tubules
following pretreatment with two different chelating agents namely 17%
EDTA solution and 1%phytic acid solution.
Penetrability of sealers into dentinal tubules was assessed using
scanning electron microscope in micrometers.
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REVIEW OF LITERATURE
Goldberg F et al (1977)3 8 did a study on analysis of the effect of
EDTAC on dentinal walls of root canal. The results suggested that the
use of EDTAC as an aid in the biomechanical preparation of the root
canal helps in the cleaning and disinfection of the dentinal  wall by
eliminating most of the superficial layer  of the dentinal  shavings and
material loosened principally during instrumentation. It also facili tated
the action of drugs by increasing the diameter of the dentinal tubules.
It  was also suggested that the use of EDTAC conditions the dentinal
walls of the root canal to provide greater adhesion of the obturating
material . This is due to the ability of EDTAC to increase the
permeability of dentin.
Yamada RS et al (1983)3 9 did a study on efficacy of instrumenting the
root canal with 1ml of 5.25% NaOCl solution between each instrument
and final flushing with 20ml of various solutions or combinations of
solutions and the scanning electron microscopy showed that a final
flush with 10ml of 17% EDTA buffered to pH 7.7 followed by 10ml of
5.25% NaOCl solution was the most effective. This is due to the
combined use of a tissue solvent with a chelating agent.
Berg MS et al (1986)4 0 did a scanning electron microscopic study on
comparison of five irrigating solutions namely Salvizol, N aOCl, Gly-
Oxide in combination with NaOCl, REDTA and sterile saline. The
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results suggested that when REDTA solution is used during
biomechanical  preparation, cleaner root canals are attained. The
cleansing property of REDTA was considered to be superior du e to the
differencein pH.
Cergneux M et al  (1987)4 1 did a study to evaluate the influence of the
smear layer on the sealing abili ty of canal obturation which had
previously been cleaned chemically by EDTA or mechanically by
ultrasound. The canals were prepared under irrigat ion with NaOCl and
specimens were divided into control group, ultrasound group and
EDTA group and the specimens were subjected to dye infiltration
before being sectioned at various levels from apex. The results showed
some differences in leakage between the three groups at levels close t o
the apex. EDTA treated canals showed the least infiltrat ion, while
those treated with ultrasound showed significantly less compared with
the control group. The reason maybe that the ultrasound procedures
employed were less effective in eliminating the sm ear layer from the
canal walls.
Berutti E et al (1997)4 2 did a study to evaluate the penetration abili ty
of different irrigants into dentinal  tubules and histological
examinations showed that group which used 10% EDTA, Triton and 5%
NaOCl showed an infect ion-free area of tubules to a mean depth of 130
μm, below this was an infected area of variable extent. It  corresponds
to the extreme penetration of the tubular infection. In some specimens
Review of Literature
9
the dentinal  tubules were perfectly clean and bacteria free from t heir
entire length.  This is due to the regulari ty and larger size of the
dentinal tubules in this area.
Saleh AA et al (1999)4 3 evaluated the effect of endodontic irrigation
solutions on microhardness of root canal dentine. The irrigant solutions
used were 3% H2O2 , 5% NaOCl and 17% EDTA. The results showed
that, irrigation with either H2O2/NaOCl or EDTA decreased the
microhardness value of root dentin and EDTA reduced the hardness
more than H2O2/NaOCl irrigation. The observations of the study
suggest that canal irrigation with various chemical solutions leads to
structural changes as evidenced by the reduction of dentin
microhardness. The chelating action of the EDTA solution induces an
adverse softening potential on the calcified components of dentine,
which results in subsequent reduction in the microhardness.
Choudary M et al  (2000)4 4 did a study on effect  of EDTA, NaOCl and
their combination at  different time periods namely 5, 10, 15, 20, 25 and
30 minutes on smear layer and suggested that their combin ed use kept
for a total of 20 minutes removed the smear layer completely. The
chelating effect of EDTA demineralised and removed the inorganic
component of smear layer and NaOCl used over the dentin dissolved
the organic material .
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Calt S et al (2002)4 5 did a study to evaluate the effects of EDTA on
smear layer removal and on the structure of dentin after 1 and 10
minutes of application. The results showed that 1 min EDTA irrigation
is effective in removing the smear layer. However a 10 minutes
application of EDTA caused excessive peritubular and intertubular
dentinal erosion. And the study suggested that the procedure of EDTA
application in root canals should not be prolonged more than 1 minute
during endodontic treatment.
Torabinejad M et al (2002) 4 6 did a review on the evidences regarding
clinical implications of smear layer in endodontics. On the basis of the
available evidence, i t  was concluded that  current methods of root canal
instrumentation produce a layer of organic and inorganic material that
may also contain bacteria and their byproducts. This layer covers the
instrumented walls and mayprevent the penetration of intracanal
medications into the dentinal tubules and may affect close adaptation
between root canal fi lling materials and the root can al walls.
Schafer E et al (2003)4 7 did a study to compare the weight loss of
eight different root canal sealers in water and in artificial saliva with
different pH values. The tested sealers were epoxy resin sealer,
calcium hydroxide sealer, zinc oxide eu genol sealer, glass ionomer
sealer and polyketone based sealers. The samples were immersed in
double distilled water or art ificial saliva with different pH values of
7.0,  5.7 and 4.5. Mean weight loss was then evaluated. It was found
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that even after 28 days of storage in water, AH 26, AH Plus. RSA
RoekoSeal and Diaket showed less than 3% weight loss. And it was
concluded that AH Plus showed the least weight loss of al l sealers
tested.
S. Sevimay & D. Dalat et al (2003)4 8 conducted a study on penetration
and adaptation of three different sealers and concluded that AH 26 was
the best sealer penetrating into dentinal tubules and adapted to dentinal
walls when compared with the CRCS and RSA.
Ari H et al (2004)4 9 evaluated the effects of endodontic irrigants on
the microhardness and roughness of root canal dentin. The study
evaluated the effect  of 0.2% chlorhexidine gluconate, 5.25% NaOCl,
2.5% NaOCl, 3% H2O2, 17% EDTA and distilled water on
microhardness and roughness of root canal dentin. In this study, the
irrigant solutions were applied on root canal dentin surface for 15 min,
and the surface microhardness and roughness tests were used to
determine changes on dentin surface. Although 3% H2O2 and 0.2%
chlorhexidine gluconate had no effect on surface roughness of root
canal dentin, a significant increase on surface roughness was found in
2.5%, 5.25% NaOCl and 17% EDTA treated groups. According to the
results of this study, 0.2% chlorhexidine gluconate appears to b e an
appropriate irrigation solution because of its harmless effect on the
microhardness and roughness of root canal dentin.
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A Khademi et al (2004)5 0 did an in vitro study to determine the effect
of EDTA and citric acid on smear layer removal in different regions of
root canals. They concluded that use of both 17% EDTA and 7% citric
acid offer desired results and they can remove smear layer from narrow
and curved canals especially from apical  region.
S. Sevimay et al (2005)5 1 conducted a study on apical sealing ability
and adaptation to dentine of two resin -based sealers and concluded that
AH plus sealer has better apical sealing ability and adaptation to
dentine than EndoRez sealer.
Stephen Cohen et al (2006) 5 2 stated that the most important objective
is to fill  the canal system completely and densely and to seal the apical
foramina hermetically.  Filling of root canal would be difficult if it
were not designed and prepared specifically for use with gutta -percha
cone. Further studies are being carried out by using heat or solvents to
better adapt the gutta-percha to the canal space.
Dotto SR et al (2007)5 3 did a study to compare the efficacy of 1%
NaOCl, 24% EDTA gel and 17% EDTA solution in cleaning dentin
walls after root canal instrumentation and it was suggested from the
results that 1% NaOCl alone does not remove the smear layer and 17%
EDTA solution and 24% EDTA gel used in association with 1% NaOCl
were more effective.
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Christian Ralf Gernhardt et al (2007) 5 4 evaluated Apical sealing
abili ty of 2 epoxy resin–based sealers used with root canal obturation
techniques based on warm gutta-percha compared to cold lateral
condensation and concluded that the apical sealing ability of EndoRez
is not as effective as that of AH Plus. Thermafilobturators and warm
vertical condensation achieved seals with low dye penetration depth.
The use of these techniques might decrease the risk of apical  leakage.
Mamootil K et al (2007)5 5 evaluated penetration of dentinal tubules by
endodontic sealer cements in extracted teeth and cocluded that the
depth and consistency of dentinal tubule penetration of sealers appears
to be influenced by the chemical and physical characteristics of the
materials. AH 26 resin-based sealers displayed deeper and more
consisitent penetration than endorez and pulp canal sealer might be due
to higher flow rate and low film thickness.
John I Ingle et al  (2008)5 6 stated that preliminary objectives of
operative endodontics are total debridement of the pulpal space,
development of a fluid –tight seal at the apical foramen, and total
obliteration of the root canal. In addition micro leakage around coronal
restoratios, down through the root canal filling, and out the apical
foramen into the peri -radicular tissues is also a potential source of
bacterial  infestation.
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Ajwani P et al (2010)5 7 did a study on influence of smear layer on
dentinal tubule penetration depth by different root canal sealers. He did
the study with Endoseal, Apexit and AH Plus and he found out that
smear layer removal allowed the penetration of all sealers to occur to a
varying depth with Apexit and AH Plus penetrating statistically
significantly deeper than Endoseal.
Onay EO et al (2010)5 8 did a study to evaluate the sealing ability of 2
different resin-based endodontic filling systems after removal of smear
layer with 2 different techniques. The samples were instrumented using
HERO shaper rotary instruments. The canals were irrigated using 2.5%
NaOCl between each instrument. In 2 groups extra rinse with 17%
EDTA was done. Other 2 groups received irradiation with Er,Cr:YSGG
laser. Apical leakage was measured with computerized fluid filtration
meter at 1 and 4 weeks. Results showed that Er,Cr :YSG laser treatment
did not enhance the sealing ability of the sealers compared with EDTA
application.
Raid F et al (2010) 5 9 evaluated Shear Bond Strength Measurement of
Three Different Adhesive Sealers to Dentin & Gutta -percha and
concluded that the bonding system & the dentin pretreatment increased
the adhesive potential of the AH26 sealer which had higher shear bond
strength than the two glass -ionomer based sealers.
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Bernardes et al (2010)6 0 evaluated a study on evaluation of the flow
rate of sealer 26, AH Plu, amd MTA obtura sealers and concluded that
AH plus showed significantly flow rate compared with sealer 26 and
MTA obtura due to epoxic resin incorporation. Calcium hydroxide
component of sealer 26 makes it  inferior to the AH plus and equivalent
to MTA obtura.
Balguerie E et al (2011)6 1 assessed the tubular adaptation, penetration
depth and adaptation to the root canal walls in the apical, middle and
coronal third of the root canal of 5 different sealers used in
combination with softened gutta -percha cones. The 5 different sealers
used along with gutta -percha are Acroseal, Endobtur, Ketac-Endo,
RSA and AHPlus. It  was observed that  the AH Plus showed the best
adaptation to the root canal wall, tubular penetration and adaptation to
the peritubular dentin, followed by Acroseal. The reason is that epoxy
resin sealers like AH Plus shows higher adhesion to the dentin and
gutta percha and the flow of AH Plus is significantly higher than other
sealers tested.
Neelakantan et al (2011)6 2 conducted a study on The impact of root
dentine conditioning on sealing abil ity and push -out bond strength of
an epoxy resin root canal sealer and concluded that AH Plus appears to
bond to the organic phase of den tine.
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S Anil Kumar et al (2011)6 3 conducted a study on Comparative
evaluation of the apical sealing ability and adaptation to dentine of
three resin-based sealers and concluded that  Epiphany sealer has a
better apical sealing abili ty and adaptation to den tine than the AH Plus
and Endorez sealers.
N Shokouhinejad et al (2011) 6 4 measured the average depth of
dentinal tubule sealer penetration in the middle third of teeth obturated
with gutta-percha/AH Plus (Dentsply, DeTrey, Konstanz, Germany),
Resilon/Epiphany (Pentron Clinical Technologies, Wallingford,CT),
and Resilon/Epiphany self -etch (SE) using scanning electron
microscopy (SEM). It was concluded that the average penetration for
Epiphany into dentinal tubules within the middle third of the roots was
significantly deeper than that of Epiphany SE and AH Plus.
Gabriela Alexandra et al (2012) 6 5 conducted a study on
Physicochemical properties of endodontic sealers of different bases and
concluded that Ah plus, apexit plus and endofill sealers are in
accordance with ANSI/ADA standards.
Rupali Chadha et al  (2012) 6 6 has evaluated the depth of penetration of
three resin based root canal sealers into dentinal tubules and found that
penetration depth of Endo REZ and Epiphany into dentinal t ubules is
significantly greater than that of AH Plus.
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Chandra Vijay Singh et al (2012) 6 7 in their study examined the in -
vitro penetration depth of AH Plus, Resinoseal and zincoxideeugenol
sealer into the dentinal tubules after removing smear layer by pass ive
ultrasonic irrigation and found that AH Plus had maximum penetration
depth.
Romel Joseph, Shishir Singh (2012) 6 8 conducted a study on Apical
Sealing Ability of Four Different Sealers using Centrifuging Dye
Penetration Method and concluded that AH Plus showed the least
leakage compared to AH 26, Sealapex and Endoflas FS.
Nassar M et al  (2013)6 9 evaluated the effect  of phytic acid(IP6),  used
as etchant, on resin-dentin bond strength, smear layer removal, and the
viability of pulpal cells . The results de monstrated that all application
times of IP6 produced bond-strength values that were significantly
higher than that  of the control . Phytic acid effectively removed the
smear layer and plugs, thus exposing the collagen network. Phytic acid
had a minimal effect  on pulpal cells, whereas PA resulted in a marked
decrease in their viability.
Aranda Garcia et al (2013) 7 0 evaluated effect of the root canal final
rinse of 17% EDTA, Q mix, smear clear and water on the debris, smear
layer removal and on the push-out bond strength of AH plus sealer and
found that the efficacy of 17% EDTA, Q mix, smear clear was superior
to the control groupn(water) in all the aspects. The ability to remove
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the debris and smear layer by smear clear and Q mix was as effective
as that of 17% EDTA. The final rinse with17% EDTA has achieved
highest  push-out bond strength values.
Muliyar S et al (2014)7 1 reviewed micro-leakage in endodontics and
concluded that ah Plus with gutta -percha and epiphany with resilon
provided the same coronal seal , whereas Epiphany with Resilon
provided the best apical seal and aids in prevention of apical
periodontitis or the retention of a functional tooth.
Johannes Ebert et al (2014)7 2 conducted a study on Sealing ability of
different versions of gutta -flow2 in comparison to gutta-flow and Ah
plus and concluded that both forms of gutta -flow2 showed very good
and predictable sealing abili ty when compared with the former versions
of gutta-flow as well  as with the established sealer Ah plus.
Daniel K (2014)7 3 assessed the penetrability of two endodontic
sealers(AH Plus and MTA Fillapex) into dentinal tubules, submitted to
endodontic treatment and subsequently to endodontic retreatment. It
was concluded that  sealer penetrability is high during endodontic
treatment. However,  MTA Fillapex and AH Plus do not penetrate into
dentinal tubules after endodontic retreatment.
H Ashraf et al (2014)7 4 did an in vitro study to evaluate the abili ty of
17% ethylenediaminetetraacetic acid (EDTA), 18% etidronate and Er:
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YAG on effective removal of the SL. The results showed statistically
significant differences in terms of SL removal among the groups
(P<0.05).  The amount of removed SL by EDTA was significantly
greater followed by Er: YAG laser and 18% etidronate. They concluded
that within the limitations of this study,  EDTA was more effective in
removing SL compared to Er:  YAG and etidronate
Nasser et al (2015) 7 5 investigated the effect of phytic acid inositol
hexakisphosphate(IP6) as a final rinse on the surface of instrumented
root canals and smear layered flat dentin surfaces treated with NaOCl
and evaluated its effect on viability and alkaline phosphatase activity
of osteoblast-like cells(MC3T3-E1). The results demonstrated the
abili ty of IP6 to remove the smear layer from instrumented root canals
and flat coronal dentin surfaces.when compared with EDTA, IP6 was
less cytotoxic and did not affect the differentiation of MC 3T3-E1 cells
and concluded that  IP6 had the potential  to be an effective and
biocompatible chelating agent.
K Kong et al (2015)7 6 studied the effect of phytic acid(IP6) in
stabilizing the morphology of dentine collagen network and resin -
dentine bonding.IP6 demineralized dentine showed significantly higher
ultimate tensile strength(UTS), when compare to phosphoric acid(PA)
demineralized dentine. 5% glutaraldehyde(GA) and IP6 significantly
improved UTS of PA-demineralized dentine. Field emission scanning
electron microscope observation revealed that dentine collagen network
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was preserved by GA and IP6. No significant difference in µ  tensile
bond strength was found between the wet and dry IP6-etched dentine
groups. They concluded that IP6 etching showed a structural stabil izing
effect on demineralized dentine matrix an produced good resin -dentine
bonding, regardless of dentine moistness or dryness.
Silva et al (2015)7 7 evaluated the fil ling effectiveness and dentinal
penetration MTA fil lapex, AH plus and pulp canal sealer using stereo
and confocal laser microscopy, concluded that presence of space voids
in the filling material, MTA Fillapex was found to be inferior at 4mm
and 6mm from the root apex. This behavior is probably because of the
high solubility of MTA fillapex. Higher penetration of AH plus at 4mm
from root apex might be due to presence of silver crystals provides
excellent radiopacity but on the other hand it can obli terate the opening
of dentinal tubules, compromising the intra -tubular sealer penetration.
R Nassar et al (2016)7 8 studied the in vitro antibacterial effectiveness
of used irrigants: sodium hypochlorite (NaOCl), EDTA, Phosphoric
acid(PA) and chlorhexidine(CHX). They concluded that  within the
limitation of the study, despite that  IP6 showed the smallest zone of
inhibit ion in agar diffusion test , the results of MIC and MBC indicated
that IP6 exhibits in vitro antibacterial effect against E.faeca lis at low
concentrations.
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Nikhil V et al (2016)7 9 evaluated the effect of phytic acid, EDTA, and
chitosan solutions on the microhardness of human radicular dentin.
They concluded that  al l tested chelating solutions reduced
microhardness of the radicular dentin layer at all  the levels. However,
reduction was least at the apical level. EDTA caused more reduction in
dentin microhardness than chitosan while phytic acid reduced the least .
Khader et al (2016)8 0 conducted a study on dentinal tubular
penetration depth of three root canal sealers and concluded that tubli-
seal shows less depth of penetration as compared .to apexit plus and
AH plus.
Akcay et al (2016)8 1 conducted a study on dentinal tubule penetration
of AH plua, iRoot SP, MTA fillapex, and gutta -flow bioseal root
canalsealers after different final irrigation procedures and concluded
dentinal tubule penetration area was significantly affected by the
selection of root canal sealer, final irrigation procedure, and root canal
third. Use of iRoot with P IP Stip or PUI seems advantageous in
dentinal tubule penetration.
K kong et al  (2016)8 2 compared the etching effect of IP6 with
phosphoric acid (PA) and ethylenediaminetetraacetic acid (EDTA) on
resin–dentin bond strength, micromorphology of the etched de ntin
surface and nano leakage formation along resin–dentin interfaces and
compared the protecting effect against  collagen degradation. They
Review of Literature
22
concluded that IP6 effectively removed the smear layer and etched
dentin,  providing high bond strength values and causing minimal nano
leakage and slight collagen degradation.
Saketh et al (2017)8 3 evaluated the chealting and antimicrobial ability
of phytic acid alone and in combination with different irrigating
solutions. Chelating ability was assessed by calcium titration method
and antimicrobial efficacy was assessed by agar diffusion method. In
this study the chelating abil ity of phytic acid in combinati on with
sodium hypochlorite gave the best result when compared to phytic acid
alone. Phytic acid also showed more zone of inhibition indicating its
antimicrobial efficacy is more compared with other irrigants. However
the antimicrobial efficacy of phytic acid with other irrigants gave
better results when compared to individual irrigants.
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MATERIALS AND METHODS
MATERIALS
ARMAMENTARIUM:
1. Airotor – NSK T112002
2. Diamond Disc – BCR123-CR1Y4
3. ISO 10 - 30 size K – Files ----- Mani fies
4. 5.25% NaOCl – Avarice Laboratory, Ghaziabad, India
5. 17% EDTA – Anabond Stedman Pharma Research(P) Ltd,
Kanchipuram, India
6. ProTaper NITI fi les – Dentsply Maillafer,  Ballaigues,
Switzerland
7. AH plus – Dentsply Maillafer,  Ballaigues, Switzerland
8. Phytic acid- Tokyo Chemical  Industry
9. Scanning Electron Microscope – 3.999999.0 S, ZIESS, Germany.
Sixty freshly extracted human mandibular first premolar s with
single straight root canals were used in the study. These were randomly
divided into three equal groups of 20 samples each. All teeth were
stored in 10% ethyl alcohol solution unti l the sample completion was
completed.
Organic debris from the outer surface of the tooth was removed
by immersing the teeth in 1% NaOCl solution for 4 days before starting
of the experiment and subsequently placed in saline solution until they
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were used. The crowns of all  teeth were cut at cem ento-enamel junction
using high speed tapering diamond under air water spray with
remaining root length 12±1mm.
The working length were established by placing a size 10 K file
(Kerr, Romulus, MI, USA) into each sample until the tip of the file was
visible at the apex. Canal length was established 1 mm short of the
apex. The root canals were prepared using the ProTaper rotary system
(Dentsply Maillafer,  Ballaigues, Switzerland),  to an apical size of F3,
and apical  patency was rechecked using size -10 K- ﬁle throughout the
preparation.
During the entire preparation, alternate irrigation and
recapitulation was done with 5.25% sodium hypochlorite (NaOCl)
(Avarice Laboratory,  Ghaziabad, India) and #10 K -file,  respectively.
Samples were divided into 3 groups(A,B,C) with20 samples each.
1. Group A (EDTA): samples(n=20) were irrigated with 10ml of
17% EDTA for 1min.
2. Group B (1% Phytic acid): samples(n=20) were irrrigated with
10ml of 1%phytic acid for 1min.
3. Group C (distilled water): samples(n=20) were irrigated wit h
10ml distilled water for 1min.
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After irrigation with different irrigating agents all  root canals
were obturated with help of F3 size GP and AH-Plus sealer. The root
canal sealer was mixed according to the manufacturer’s directions.  In
all groups, gutta-percha was removed from the coronal 3 mm of all
obturated root canals with a heated instrument and the coronal access
cavities were sealed with Cavit.
Samples were kept at 37 ˚C for 1 week in 100% humidity to
ensure complete sett ing of the sealer. Sample s were then sectioned in
the bucco-lingual direction with the help of sorensen disc Smear layer
produced during sectioning were removed by cleansing with 17%
EDTA and 3% Naocl. Samples were studied for dentinal tubule
penetration at all the three levels - coronal, middle and apical levels.
Samples were dehydrated by immersing them in 100% dry acetone for
about one hour and will be subjected to vaccum drying in a vaccum
oven for 3-4hours at  50˚C. the penetration of sealer into the dentinal
tubules were assessed by using scanning electron microscopic(SEM)
examination.
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60 mandibular premolars
Stored in saline solution
Samples kept in 2% NaOCl solution for 4 days
Decoronation done below Cemento-enamel junction
Samples were kept at  37 ˚C for 1 week
Sections made at Cervical , Middle, Apical
Scanning Electron Microscopic Examination Done
samples were
divided into three
groups
group A:n=20
17% EDTA  10ml for
one minute
group B:n=20
1% phytic acid  10ml
for one minute
group C: n=20
distilled water 10ml
for one minute
root canal irrigation
done with
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Fig 1: Samples collection for assessment of sealer penetration
Fig 2: Decoronated sample specimen s
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Fig 3. Transverse section of obturated samples for evaluation of
sealer penetration  in Group A(EDTA)
Fig 4.Transverse section of obturated samples for evaluation of
sealer penetration in Group B(1% Phytic Acid)
Coronal
Middle
Apical
Coronal
Middle
Apical
Coronal
Middle
Apical
Coronal
Middle
Apical
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Fig 5. Transverse section of obturated samples for evaluation of
sealer penetration in Group C(distilled water)
Fig 6. AH Plus sealer.
Coronal
Middle
Apical
Coronal
Middle
Apical
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Fig 7. Scanning Electron Microscope
Fig 8. Sputter coating unit
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Figure 9: Armamentarium For Root Canal Preparation
Fig 10. 17% EDTA solution Fig 11.  5.25% Sodium
hypochlorite solution
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Fig 12. Phytic acid              Fig 13 . 1% phytic acid
Fig 14. Dehydrator
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RESULTS
The present in-vitro study was to evaluate and compare the
penetration of  AH Plus sealer into dentinal tubules by using scanning
electron microscope following treatment with two different chelating
agents. Sealer penetration was estimated using scanning e lectron
microscopy images by calculating the distance from the sealer -gutta-
percha interface to the root dentin in micrometers from each samples
with n=10 with magnification range. (1500X – 2000X).
Mean and standard deviations were estimated from the sa mples
with (n=20) for each study group. The results of the present study was
subjected to statistical analysis to interpret the significant differences
in assessing the penetrability and shear bond strength. One -way
ANOVA followed by Tukey’s test was used for stat istical analysis in
the present study.
One-way analysis of variance (ANOVA) was used to study the
overall variance within groups. It was not possible to identify the
difference within the groups with the help of the P values obtained
from ANOVA. Therefore a specific statistical test was used for intra -
group comparison.
Tukey’s post hoc test was employed to do multiple comparison in
between the group and within groups. All statistical analysis were done
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at the 0.05 significant level. SPSS version 19.0 was used to perform all
statistical  analysis.
In the present study, One-way ANOVA test showed a statistically
significant difference among various groups due to the differences in
mean penetration of the sealers used with P value of 0.000 which
denotes significant level at 1%.From all the 3 groups, dentinal sections
were evaluated at  the 3, 5 and 8 mm levels. The mean and standard
deviations of sealer penetration depths are presented.
Summary of the results:
Mean sealer penetration was found to be high in group A(EDTA)
followed by group B(1% Phytic acid) least with group C(distilled
water). Statistically significant difference was found in depth of sealer
penetration in group A when compared with other groups. Though the
penetration depth found in group B was lesser than group A they were
statistically significant.
In all  the groups mean sealer penetration was found to be high in
cervical  third followed by middle third and least  in apical  third and the
difference was also statist ically significant.
Overall  ranking of sealer penetration evaluated in the study:
Group A>group B>group C
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Table  01.  Sealer penetration values
in micrometers for Group A(EDTA)
S.no Coronal Middle Apical
01 525.6 135.4 75.2
02 496.3 129.6 64.4
03 510.6 134.3 73.6
04 396.4 144.3 66.7
05 540.3 139.7 86.8
06 296.4 140.3 80.3
07 340.2 162.8 76.3
08 326.4 126.3 33.9
09 317.3 140.6 48.6
10 412.6 139.6 37.3
11 396.2 142.3 44.6
12 344.6 122.8 54.8
13 297.6 156.4 39.6
14 342.4 145.2 62.8
15 297.3 139.3 66.3
16 256.4 144.8 74.8
17 322.6 138.4 66.3
18 366.3 139.7 68.3
19 396.4 144.3 74.6
20 320.6 145.6 68.3
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Table 02. Sealer penetration values in micrometers
for Group B(1% Phytic Acid)
S no Coronal Middle Apical
01 249.3 126.3 68.6
02 286.3 120.2 39.4
030 245.6 75.6 30.6
04 239.8 94.2 44.8
05 190.6 98.6 66.9
06 222.4 77.4 72.4
07 286.4 65.2 68.3
08 300.8 101.4 44.6
09 148.6 111.3 32.8
10 166.8 93.6 29.6
11 175.6 88.7 40.2
12 188.4 64.3 26.8
13 145.3 114.3 32.9
14 166.4 126.3 60.6
15 182.6 145.8 52.3
16 212.9 140.3 56.8
17 202.4 112.8 69.2
18 112.6 104.6 40.3
19 124.2 118.3 22.8
20 130.6 144.2 29.3
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Table 03. Sealer penetration values in
micrometers for Group C(distilled water)
S no Coronal Middle Apical
01 110.2 58.4 46.4
02 94.1 54.6 33
03 80.2 39.2 25
04 76.4 36.6 22
05 64.2 38.6 31.2
06 78 44.2 27
07 92.5 57.3 37.6
08 104.1 62.5 29.8
09 96.4 38.3 26.8
10 99.2 61 32.6
11 102.1 54.3 27
12 113.6 51 22.2
13 96.2 59 29.2
14 91.2 36.2 20.5
15 86.3 49 30.3
16 88.3 44.4 25.3
17 93.4 38.6 21.2
18 79.2 66 35.5
19 66.1 46 32.3
20 68.1 37 25.3
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Table 04. One-way  with mean and standard deviation for sealer penetration for different levels
Oneway
Descriptives
Levels N Mean Std.
Deviation
Std.Error 95% confidence
interval for mean Minimum
Lower
bound
Upper
bound
Maximum
CORONAL
EDTA
Phytic Acid
Distilled water
Total
20
20
20
60
375.1250
198.8800
88.9900
220.9983
83.61135
55.72634
14.07611
132.06335
18.69607
12.46079
3.14751
17.04931
335.9937
172.7993
82.4022
186.8828
414.2563
224.9607
95.5778
255.1139
256.40
112.60
64.20
64.20
540.30
300.80
113.60
540.30
MIDDLE
EDTA
Phytic Acid
Distilled water
Total
20
20
20
60
140.5850
106.1700
48.6100
98.4550
9.04621
24.44687
9.93282
41.40834
2.02279
5.46649
2.22105
5.34579
136.3512
94.7285
43.9613
87.7581
144.8188
170.6150
53.2587
109.1519
122.80
64.30
36.20
36.20
162.80
145.80
66.00
162.80
APICAL
EDTA
Phytic Acid
Distilled water
Total
20
20
20
60
63.1750
44.9600
29.0100
45.7150
15.11130
15.70576
6.28523
19.07415
3.37899
3.51192
1.40542
2.46246
56.1027
37.6095
26.0584
40.7876
70.2473
52.3105
31.9516
50.6424
33.90
22.80
20.50
20.50
86.80
72.40
46.40
86.80
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Table 05. ANOVA for sealer penetration for different levels
ANOVA
Sum of squares df Mean square F Sig.
Between groups
CORONAL Within groups
Total
833409.002
195593.968
1029002.970
2
57
59
416704.501
3431.473
121.436 0.000
Between groups
MIDDLE Within groups
Total
86379.643
14784.746
101164.388
2
57
59
43189.821
259.832
166.511 0.000
Between groups
APICAL Within groups
Total
11689.573
9776.003
21465.576
2
57
59
5844.786
171.509
34.079 .000
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Table 06. Multiple comparison for sealer penetration for different levels  (Tukey’s test)
Post Hoc Tests
Tukey HSD Multiple Comparisons
Dependent
variable
chelating
agent(I)
chelating  agent(J) Mean
difference(I-J)
Std.Error Sig. 95% Confidence Interval
Lower bound Upper bound
CORONAL
EDTA PHYTIC ACID
DISTILLED WATER
176.24500*
286.13500*
18.52424
18.52424
.000
.000
131.6679
241.5579
220.8221
330.7121
PHYTIC
ACID
EDTA
DISTILLED WATER
-176.24500*
109.89000*
18.52424
18.52424
.000
.000
-220.8221
65.3129
-131.6679
154.4671
DISTILLED
WATER
EDTA
PHYTIC ACID
- 286.13500*
- 109.89000*
18.52424
18.52424
.000
.000
-330.7121
-154.4671
-241.5579
-65.3129
MIDDLE
EDTA PHYTIC ACID
DISTILLED WATER
34.41500*
91.97500*
5.09295
5.09295
.000
.000
22.1592
79.7192
46.6708
104.2308
PHYTIC
ACID
EDTA
DISTILLED WATER
-34.41500*
57.56000*
5.09295
5.09295
.000
.000
-46.6708
45.3042
-22.1592
69.8158
DISTILLED
WATER
EDTA
PHYTIC ACID
-91.97500*
-57.56000*
5.09295
5.09295
.000
.000
-104.2308
-69.8158
-79.7192
-45.3042
APICAL
EDTA PHYTIC ACID
DISTILLED WATER
18.21500*
34.16500*
4.14136
4.14136
.000
.000
8.2492
24.1992
28.1808
44.1308
PHYTIC
ACID
EDTA
DISTILLED WATER
-18.21500*
15.95000*
4.14136
4.14136
.000
.001
-28.1808
5.9842
-8.2492
25.9158
DISTILLED
WATER
EDTA
PHYTIC ACID
-34.16500*
-15.95000*
4.14136
4.14136
.000
.001
-44.1308
-25.9258
-24.1992
-5.9842
* The mean difference is significant at the 0.05 level.
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Table 07. One-way with mean and standard deviation for sealer penetration for different Groups.
Descriptives
N Mean Std.
Deviation
Std.
Error
95% Confidence
Interval for
Mean
Minimum maximum
Lower
bound
Upper
bound
EDTA CORONAL
MIDDLE
APICAL
TOTAL
20
20
20
60
375.1250
140.5850
63.1750
192.9517
83.61135
9.04621
15.11130
142.26660
18.69607
2.02279
3.37899
18.36654
335.9937
136.3512
56.1027
156.2103
414.2563
144.8188
70.2473
229.732
256.40
122.80
33.90
33.90
540.30
162.80
86.80
540.30
PHYTIC
ACID
CORONAL
MIDDLE
APICAL
TOTAL
20
20
20
60
198.8800
106.1700
44.9600
116.6700
55.72634
24.44687
15.70576
73.09923
12.46079
5.46649
3.51192
9.43737
172.7993
94.7285
37.6095
97.7865
224.9607
117.6115
52.3105
136.5535
112.60
64.30
22.80
22.80
300.80
145.80
72.40
300.80
DISTILLED
WATER
CORONAL
MIDDLE
APICAL
TOTAL
20
20
20
60
88.9900
48.6100
29.0100
55.5367
3.14751
2.22105
1.40542
27.24811
3.14751
2.22105
1.40542
3.51772
82.4022
43.9613
26.0684
48.4977
95.5778
53.2587
31.9516
62.5758
64.20
36.20
20.50
20.50
113.60
66.00
46.40
113.60
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Table 08. ANOVA for sealer penetration for different Groups.
Sum of
squares
df Mean
Square
F Sig.
EDTA Between Groups
Within Groups
Total
1055427.481
138719.820
1194147.302
2
57
59
527713.741
2433.681
216.838 .000
PHYTIC
ACID
Between Groups
Within Groups
Total
240221.164
75045.162
315266.302
2
57
59
120110.582
1316.582
91.229 .000
DISTILLED
WATER
Between Groups
Within Groups
Total
37415.365
6389.734
43805.099
2
57
59
18707.683
112.101
166.883 .000
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Table 09. POST HOC TESTS
Multiple comparison for sealer penetration for different  Groups.
Tukey HSD Multiple Comparison
Dependent
variable
(I)Portion of
Root
(J)Portion of
Root
Mean
Difference(I-
J)
Std. Error Sig. 95% Confidence Interval
Lower Bound Upper Bound
EDTA
CORONAL MIDDLE
APICAL
234.54000*
311.95000*
15.60026
15.60026
.000
.000
196.9993
274.4093
272.0807
349.4907
MIDDLE CORONAL
APICAL
-234.54000*
77.41000*
15.60026
15.60026
.000
.000
-272.0807
39.8693
-196.9993
114.9507
APICAL CORONAL
MIDDLE
-311.95000*
-77.41000 *
15.60026
15.60026
.000
.000
-349.4907
-114.9507
-274.4093
-39.8693
PHYTIC
ACID
CORONAL MIDDLE
APICAL
92.71000*
61.21000*
11.47424
11.47424
.000
.000
65.0982
126.3082
120.3218
181.5318
MIDDLE CORONAL
APICAL
-92.71000*
61.21000*
11.47424
11.47424
.000
.000
-120.3218
33.5982
-65.0982
88.8218
APICAL CORONAL
MIDDLE
-153.92000*
-61.21000*
11.47424
11.47424
.000
.000
-181.5318
-88.8218
-126.3082
-33.5982
DISTILLED
WATER
CORONAL MIDDLE
APICAL
40.38000*
59.98000*
3.34814
3.34814
.000
.000
32.3230
51.9230
48.4370
68.0370
MIDDLE CORONAL
APICAL
-40.38000*
19.60000*
3.34814
3.34814
.000
.000
-48.4370
11.5430
- 32.3230
27.6570
APICAL CORONAL
MIDDLE
-59.98000*
-19.60000*
3.34814
3.34814
.000
.000
-68.0370
-27.6570
-51.9230
- 11.5430
* The mean difference is significant at the 0.05 level.
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Group A (17% EDTA)
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Group B (1% Phytic Acid)
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Group C (Distilled Water)
Coronal Level
Middle Level
Apical Level
Graphs
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Graph 1.  Mean sealer penetration values for
tested chelating agents (Bar Diagram)
Graphs
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Graph 2. Mean sealer penetration values for coronal,  middle and
apical thirds for tested chelating agents.
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DISCUSSION
The basic requirements of root canal treatment are effective
chemo mechanical preparation and three dimensional obturation of the
root canal system. Chemomechanical preparation involves debulking of
bacterial load and debris in root canal space. The success in achieving
of through debridement involves complete removal of bacterial
pathogens located in apical third. The chemicals used during the above
process aids in achieving the above goal by steri lizing the endodontic
space and improve quality of periapical t issues.
Subsequent to sufficient chemomechanical preparation, a
hermetic sealing with a biocompatible material  is another important
objective of root canal t reatment. According to Grossman, 8 4 an ideal
endodontic sealer should have good adaptation to the root dentin and
core fill ing material, good rheological  behavior, adequate lubricant
action, last solubility, high antibacterial  activity, should be easy to
manipulate and should possess adequate dimensional stability.
AH Plus sealer shows best results for adaptation to the root canal
wall, tubular penetration and adaptation to the peritubular dentin
directly.  These findings are supported by other studies. 3 3 ,3 4
The good penetration, adaptation and adhesion properties will
have 2 positive effects, 6 1 in first place on sealing because of the
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increased, surface contact between sealer and dentin and second on the
antimicrobial effect  by locking the residual mi croorganism in the
dentinal tubules. Hence, we have used AH Plus sealer to evaluate
sealer penetration depth in our study.
The sealer penetration depth in the dentinal tubules depends on
many factors like smear layer removal, 8 5 dentinal permeability, roo t
canal dimension, and the physical and chemical properties of the
sealer.8 6 ,8 7 ,8 8
According to Boyde,8 9 the smear layer is an organic matter
trapped within translocated inorganic dentine and is formed during
instrumentation which is composed of organic and inorganic substances
that include fragments of odontoblastic processes, microorganisms and
necrotic materials. Smear layer plays a major role in the penetration of
root canal sealers.  Removal of smear layer reduces the number of
intracanal microorganisms, enhances the sealing properties of root
canal fill ing materials, increases bond strength to dentinal walls and is
removed using various demineralizing agents.
Since the smear layer contains both organic and inorganic
components, its removal usually requires a combination of
NaOCl(organic solvent) and acids such as citric, tannic, polyacrylic or
chelating agents such as EDTA.
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Goldman et al3 8 examined the effect of various combination of
EDTA and NaOCl as irrigation solution and after instrumentation. The
most effective irrigation solution was 5, 25 % NaOCl and the most
effective final flush was 10 ml of 17% EDTA followed by 10 ml of
5.25% NaOCl, which was also confirmed by Yamada et al. 3 9 The time
of exposure also affects the performance. Root canal dentine showed
reverse peritubular and intratubular erosions after 10 minutes irrigation
with l iquid EDTA(17%), whereas 1 minute exposure was effective in
removing the smear layer. This finding was also supported by studied
from Yamada et  al and Sudha et al. 9 0
Hence, in our present study we used chelating agent EDTA at a
concentration of 17% and exposure time was limited to one minute to
have effective smear layer removal without affecting peritubular and
intertubular tissues.
Nygaard- Ostby1 1 investigated the effect  of 15% EDTA solution
on human periapical tissue as well as pulpal tissue and found no
periapical tissue damage defected after a period of action of upto 14
months. In contrast ,  Collet et al 9 1 reported that 15% sodium (Na)-
EDTA showed toxic effects in vitro complete prevention of cell growth
was detected after in vitro use of EDTA-T Segura et al9 2 also showed
that extrusion of even low concentration of EDTA solutions through
the apical constriction not only resulted in an irreversible
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decalcification of periapical bone, but also influenced
neuroimmunological  regulatory mechanisms.
Though EDTA has been the most commonly used irrigant since
1957,1 1 the extrusion of EDTA beyond root canal is a cause of concern
due to its  effects on periapical, pulpal tissues.  Also it is commonly
synthesized on an industrial scale from which results formation of
impurities which are major organic pollutants. Considering these facts
is warranted, and the search for more biocompatible material to replace
EDTA is sti ll  going on.
Phytic acid( IP6, inositol hexakisphosphate) is the major s torage
form of phosphorus in plant seeds and rice bran that contributes in a
variety of cellular functions. 2 1 It is also omnipresent in mammalian
cells, with a concentration ranging from 10to 100 µ mol/L. IP6 can be
extracted with low cost from rice bran. T his agent has multiple
negative charges, making it an effective chelator of multivalent cations
such as calcium(Ca), magnesium and iron. 2 3 ,2 4 On the basis of these
properties, IP6 was evaluated as a root canal chelating agent as an
alternative to EDTA. Nasser et al7 5 in their study found that IP6 was
effective in removing the smear layer from NaOCl treated flat coronal
dentin surfaces and instrumented root canals. IP6 is highly negatively
charged molecule that has affinity to Ca2+. Flat coronal dentin
surfaces treated 9% IP6 were cleaned with more widely open dentinal
tubules when compared with EDTA. On root canal surfaces, the effect
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of both IP6 and EDTA in cleaning the apical third was less than that of
in middle third, and this is attributed to the anatom y of the former
region. Both acidity and chelating function of IP6, makes it an
effective smear layer removal agent.
They also studied the chelating ability of 1% phytic acid found
that 1% phytic acid has good chelating effect . They also found that
17% EDTA caused significant suppression of ALP activity whereas
presence of IP6 in the culture medium did not affect  the viability,
morphology, or ALP activity of the cells. IP6 was reported to have a
double side in cell  culture as an iron chelator and a source of
phosphate for cells. IP6 protects the cells from oxidation injury
through binding to ion, a metal that catalyses the formation of hydroxyl
radicals. Hence they are proved to be bio compatible.
Nasser et al in 20136 9 in their study found similar results. IP6
proved to be an effective agent for removing the smear layer , and did
not have negative effect on pulpal cells. In addition, IP6 etched dentin
showed a increased resin-dentin bond strength. In addition to
completely removing the smear layer as well as slightly etching the
dentin,  IP6 was effective in preventing collagen degradation of bacteria
collagenase.
In study by Saketh et al 8 3 Phytic acid alone showed more zone of
inhibit ion used alone. In this study, MIC tests showed that  effective
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IP6 concentration was lower than those of phytic acid,0.156% vs
0.578% respectively.  The MIC value of IP6 was close to MIC value of
EDTA AND NaOCl 0.14% and 0.093% respectively.  IP6 showed
bactericidal  activity against E. faecalis at  0.625%.
IP6 has good chelating effect  as shown by complete smear layer
removal effect,  has slight etching effect  on dentin, has antimicrobial
effect, is biocompatible, prevents collagen degradation of bacteria
collagenase. Hence we evaluated the ch elating effect of IP6 for
penetration effect  of sealer into dentinal tubules.
The study of interface sealer/dentin by scanning electron
microscopy can be done with longitudinal or cross -sectional sections.
The direction of the tubules is mostly perpendicular to the root canal
wall. For both cutting directions, probability to obtain a section
longitudinal of tubule is equal. Longitudinal sections are used in most
studies. They are appropriate when coronal or middle part of the root
canal is evaluated or when location of the evaluation is not
mentioned.9 3 ,9 4 However, for thin or curved roots, this could create
problems in the apical root canal; therefore we used cross -sectional
sections.
In this study scanning electron microscope was utilized to
estimate the mean penetration of root canal sealers. Scanning Electron
Microscopic micrographs allow for observation of the dentinal tubules
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and accurate measurement of penetration depth of the sea lers into
dentinal tubules at  a high magnification. In addition it  al lows for the
observation of sealer within dentinal tubules at distant sites from the
root canal where the density of the tubules is lower. Main disadvantage
of this technique is inability to obtain detailed view at low
magnification and artifacts during specimen preparation may affect
results.
In the coronal third of root canal mean penetration values were:
 Group A(375.12µ m) > Group B(198.88µ m) > Group C(88.99µ m)
 In the middle third of root canal mean penetration values were
 Group A(140.58µ m) > Group B(106.17µ m) > Group C(48.61µ m)
 In the apical third of the root canal mean penetration values were
 Group A(63.17µ M) > Group B(44.96µ m) > Group C(29.01µ m)
In present study EDTA group had highest mean penetration
values in all the levels of root canal. When compared to Phytic acid
group and Distilled water the penetration values was highly significant
indicating EDTA to be a better chelating agent than other two
variables.
This significant difference was observed in all the levels of root
canals also.
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When penetration of sealer in EDTA group was evaluated,
highest mean penetration values was seen in coronal region(375.1µ m)
followed by middle region(140.5µ m), least penetration values were
seen at  apical  region(63.17µ m).
Similar results were seen in studies by Bulguerrie at al , Weis
MV et al, Sevimay S et al where penetration in dentinal tubules was
significantly greater in coronal and middle part of the root canal than
the apical  root.
Phytic acid group had mean penetration values lesser than that  of
EDTA group but higher than that  of Disti lled water.
Though the values are less than that of EDTA, their difference
was statistically significant. This result was observed in all these
levels of root canals.
When penetration of sealer in Phytic acid was evaluated, highest
mean penetration values was seen in coronal region(198.88)µ m,
followed by middle region(106.17µ m), least for apical
region(44.96µ m).
Distilled water group had the least penetration values at  all
levels of root canals even in this group it was observed that coronal
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region had better penetration value followed by middle and least
penetration values were seen in apical  region.
Better penetration values in coronal and middle thirds may be a
result of the removal efficiency of smear layer in coronal and middle
thirds of the canals. Also i t is  known that the number of dentinal
tubules and the size of their lumens are far greater in the coron al than
in the apical area,  they allow for better adhesion of the sealer to the
root canal walls(Vassilidas et al  1996). 9 5
Least penetration was seen in apical region in all  three groups.
This could be because apical root canal contains less tubules, and when
present, the diameter is smaller or they are more often closed. The
apical portion of roots shows a large variation in structure. Dentinal
tubules are irregular in direction and density,  some areas are devoid of
tubules. Sometimes , cementum like tissue can line the apical  root canal
wall, occluding any tubules.
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SUMMARY AND CONCLUSION
The success of root canal treatment depends on cleaning and
shaping, followed by three-dimensional obturation of the root canal
system to prevent reinfecti ion. Tubular penetration and adaptation of
sealer can determine the sealability of root filling which in turn are
determined by many factors like smear layer removal, dentinal
permeability,  root canal dimension, and the physical and chemical
properties of the sealer. Smear layer removal forms an important
determining factor in sealer penetrability. Traditionally,  it  is  done with
5.25% NaOCl irrigation followed by 17 % EDTA. Since EDTA is not
biodegradable and its possible damage to periapical tissues on
extrusion, search for an alternative chelating agent is going on.
Phytic acid, known as inositol hexakisphosphate(IP6), is  a
naturally occurring agent, has ability to chelate with positively charged
multivalent cations while having minimal effect on pulpal cells , we
evaluated 1% phytic acid for its chelating ability.
The aim of the present in-vitro study was to evaluate and
compare the penetration of AH Plus sealer into dentinal tubules by
using scanning electron microscope following treatment with two
different chelating agent i.e 17% EDTA and 1% phytic acid.
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Sixty freshly extracted human mandibular first premolar with
single straight root canals were used in the study. These were randomly
divided into three equal groups of 20 samples each. The crowns of all
teeth were cut at  Cemento-enamel junction using high speed tapering
diamond under air water spray with remaining root length 12±1mm.
The working length were established by placing a size 10 K file into
each sample until the tip of the file was visible at the apex. Canal
length was established 1 mm short of the apex. The root canals were
prepared using the ProTaper rotary system to an apical size of F3, and
apical patency was rechecked using size -10 K- ﬁle throughout the
preparation. During the entire preparation, alternate irrigation and
recapitulation was done with 5.25% sodium hypochlorite (NaOC l)
(Avarice Laboratory,  Ghaziabad, India) and #10 K -file,  respectively.
Samples were divided into 3 groups(A,B,C) with20 samples each.
1. Group A (EDTA): samples(n=20) were irrigated with 10ml of
17% EDTA for 1min.
2. Group B (1% Phytic acid): samples(n=20) were irrrigated with
10ml of 1%phytic acid for 1min.
3. Group C (distilled water): samples(n=20) were irrigated with
10ml distilled water for 1min.
After irrigation with different irrigating agents all  root canals
were obturated with help of GP and AH-Plus sealer by lateral
condensation techniques. Samples were then sectioned in the bucco -
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lingual direction with the help of sorensen disc Smear layer produced
during sectioning were removed by cleansing with 17% EDTA and 3%
Naocl. Samples were studied for dentinal tubule penetration at all the
three levels - coronal, middle and apical levels. The penetration of
sealer into the dentinal tubules were assessed by using scanning
electron microscopic(SEM) examination.
It  was found that highest sealer penetration depth was found in
group A (EDTA) followed by group B least with group C. Though the
penetration in group B was lower than group A it had significant levels
of penetration indicating a potential chelating effect . In  all three
groups coronal region had highest levels of penetration followed by
middle region and least in apical regions.
Within the limitations of the study it  can be concluded that
EDTA group had highest sealer penetration. Phytic acid group had
intermediate effect  indicating potential chelating ability. Further
studies are essential  to confirm required concentration, pH, exposure
time for its  optimal chelating effect  for using i t as an alternative
chelating agent.
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